The chemical composition of the essential oils obtained by hydrodistillation from air dried leaves, bark and roots of Glossocalyx staudtii Engl. grown in Gabon was analyzed by GC and GC-MS. The essential oil content was 0.84% (w/w), 0.28% (w/w), and 0.74% (w/w), respectively. The leaf oil was characterized by a high content of monoterpene hydrocarbons (64.8%), with β-pinene (30.6%) and α-pinene (22.6%) as the major constituents. The oil obtained from the bark contained 30.5% of oxygenated monoterpenes with cryptone as the main constituent (11.5%) and 28.9% of aliphatic compounds, with 9.3% of 2-tridecanone; in the roots oil, the main component was 2-tridecanone (55.2%). The antimicrobial activity of the oils was studied by means of the agar disc diffusion and broth microdilution methods. The Gram positive bacteria were the most sensitive to the essential oils. A significant anticandidal effect of the bark essential oil was observed.
Glossocalyx staudtii Engl. (Monimiaceae syn. Siparunaceae) is a shrub up to 8 m high growing in the humid forests of West and Central Africa with branches slightly flexuous, pith and flowers with an odor of nutmeg [1] . In Gabon, this shrub grows in swamps and its roots are administrated to women against stomach ache after delivery [2] .
To our knowledge, there are no previous reports on either the chemical composition or biological activity of the volatile (or non volatile) compounds of this species.
On the other hand, previous phytochemical studies have been made of G. brevipes Benth., which is used in Cameroon folk medicine in antifever preparations [3] . Three derivatives of homogentisic acid were isolated from its leaves and tested for their antiplasmodial [4] and antisalmonellal [5] activities. Furthermore, this species was patented [6, 7] for its antifungal and antiparasitic properties. Nevertheless, no work was published on the volatile constituents of this species.
As part of our work on the characterization of aromatic and medicinal plants from Tropical Central Africa, we report here the chemical composition and antimicrobial activity of the essential oils obtained by hydrodistillation of dried leaves, bark and roots of Glossocalyx staudtii collected in Gabon.
Yellowish-colored essential oils were obtained from the different parts of the plant with yields of 0.84% (w/w), 0.28% (w/w), and 0.74% (w/w), respectively from the leaves, bark and roots. The major constituents identified by GC and GC-MS analyses are given in Table 1 , according to their order of elution from a DB-1 column. The chemical composition of the essential oils differed according to the plant part: the sample obtained from the leaves was mainly monoterpenic, dominated by pinenes (53.2%) with small amounts of sesquiterpenes (10.1%) and aliphatic components (6.4%). The volatile oil from the roots was completely different; the aliphatic components representing more than half of the mixture (69.3%), with 2-tridecanone (55.2%) being the major constituent.
Finally, the chemical composition of the bark essential oil was complex, as is usual for the volatile oils of tree barks, with two major compounds: cryptone (11.5%), which was also identified in the leaf essential oil, and 2-tridecanone (9.3%).
Cryptone has already been identified in similar amounts in the essential oils of several Eucalyptus species [8] . Both compounds possess potential bioactivity: 2-tridecanone, as other medium length methylketones (C 7 -C 15 ), is highly effective in protecting plants from numerous pests [9] [10] [11] ; cryptone would contribute to the antibacterial activity of the essential oil of Eucalyptus polybractea R.T. Baker var. cryptonifera from Corsica (France) [12] .
The antimicrobial activities of the essential oils were first evaluated against eleven strains of bacteria and one fungus of different origins by the agar disc diffusion method.
All the strains were more or less sensitive to the essential oils samples. Table 2 shows the average inhibition zone diameters of the essential oils, which varied from 9 mm to 50 mm and from 10 mm to 25 mm respectively for bacteria and fungus. The best zones of inhibition for bacteria were obtained with Enterococcus faecalis CIP 103907 using the root (50 mm) and leaf (45 mm) essential oils. The other most sensitive bacterial strains were Listeria innocua LMG 1135668 and Escherichia coli 105182CIP (40 mm). However, Enterococcus faecalis isolated from patients was less sensitive to the essential oils than the same species furnished by the Pasteur Institute. The more resistant bacterial strains in this screening method were Shigella dysenteria, Proteus mirabilis and Streptococcus pyrogenes (inhibition zone diameters < 20 mm). The Staphylococcus aureus strains purchased or isolated from patients showed similar medium sensitivity to the three essential oils samples. Finally, the fungus Candida albicans seemed to be sensitive to the essential oil obtained from the bark, whatever the strain.
The MICs and MBCs of G. staudtii oils for the microorganisms tested were determined by a broth microdilution method (Table 3) . Although the MICs and MBCs varied between the tested organisms, in most cases, the MIC was equivalent to the MBC, indicating a bactericidal action of the oils.
G. staudtii essential oils failed to inhibit
Streptococcus pyogenes at the highest concentration used (8%), from whatever part of the plant. The same result was obtained with the leaf and root essential oils for Pseudomonas aeruginosa; this confirms the first screening by the agar diffusion method. It is also in agreement with previous reports on the resistance of P. aeruginosa [13] [14] [15] [16] For the root essential oil, the MIC and MBC were never lower than 1% whatever the microorganism tested.
The MIC and MBC values were higher for the Gramnegative than for the Gram-positive bacteria, especially for the leaf essential oil. Following the results in Table 2 , in most cases, the antimicrobial efficiency of the essential oils was almost similar to that observed with the references [comparable inhibition zone diameters] under the selected experimental conditions. Nevertheless, whatever the sample, the essential oil exhibited more activity against Escherichia coli than Tetracycline or Ticarcilline under the selected experimental conditions; on the other hand, Streptococcus pyogenes was much more resistant to the essential oils than to the reference antibiotics.
An anticandidal effect was observed with the bark essential oil, with inhibition zone diameters varying for 25 mm for the hospital strain to 15 mm for the two reference strains of Candida albicans. It indicates that the C. albicans strain from clinical origin was more sensitive to the essential oil than to the reference strains. Furthermore, under the experimental conditions, the efficiency was higher for the essential oil than for the two commercial antifungal compounds [Fluconazole and Griseofulvine] in the case of the clinical strain.
Considering the chemical composition of this sample, which contained a high amount of 2-tridecanone (55.2%), it may suggest that this component is probably not as efficient as reported [9] [10] [11] . On the other hand, cryptone, which is present in the leaf and bark essentials oils, would contribute significantly to their antimicrobial and antifungal activities.
The present study shows a significant variability in the chemical composition of the essential oils of G. staudtii according to the part of the plant used, with high contents of such unusual components as methylketones and cryptone.
The interesting antimicrobial effects observed in some cases support the traditional use of this plant, particularly by the local population, which needs cheap medicine. Nevertheless, considering the chemical and biological variability observed according to the plant part, it seems important to investigate different sites and periods of harvest to confirm this observation for optimizing its traditional use.
Experimental

Plant material and isolation of essential oil:
The plant samples (leaves, roots and barks) were collected in June 2005 in Boomango village (South East Province of Gabon). The identification of the species was carried out at the National Herbarium of CENAREST (Libreville in Gabon), where a voucher specimen is kept. Fractions of 200 g dried plant material (leaves, roots and bark) were submitted separately to hydrodistillation using a Clevenger-type apparatus for 4 h. The resulting essential oils collected by decantation were dried over anhydrous sodium sulfate, mixed and kept in a sealed flask at 10°C until analysis. The yields were calculated according to the weight of the plant material before distillation (expressed in percent, w/w of the dry vegetable material).
Gas chromatography:
The essential oils were analyzed on a Varian CP-3380 gas chromatograph with a flame ionization detector fitted with a fused silica capillary column (30 m x 0.25 mm i.d., coated with DB1, film thickness 0.25µm); temperature program 50-200°C at 5°C/min, injector and detector temperatures 200°C; carrier gas N 2 at a flow rate of 0.8 mL/min. Injector type, split 1/100 (0.2 µL of pure essential oil). The linear retention indices of the components were determined relative to the retention times of a series of n-alkanes and the percentage compositions were obtained from electronic integration measurement without taking into account the relative response factors.
Gas chromatography-mass spectrometry: GC-MS analyses were performed using a Hewlett-Packard apparatus equipped with a HP1 fused silica column (30 m x 0.25 mm; film thickness 0.25 µm) and interfaced with a quadruple detector (Model 5970). Column temperature was programmed from 70°C to 200°C at 10°C/min; injector temperature 220°C; temperature of connecting parts 180°C; helium was used as carrier gas at a flow rate of 0.6 mL/min; injector type split 1:10 (1 µL of a 10:100 n-pentane solution); the spectrometer was operated at 70 eV; electron multiplier 1400 eV; mass range: 35-300 amu, scan rate: 2.96 scan/s. The identification of the constituents was assigned on the basis of comparison of their retention indices and their mass spectra with those given in the literature [17] [18] [19] and with the stored laboratory mass spectral library. The results are reported in Table I . The agar disk diffusion method was employed for the screening of antimicrobial activities of the essential oils [20] [21] . The test was performed in sterile Petri dishes (90 mm diameter) containing solid and sterile Mueller-Hinton agar medium (Becton, Dickinson, USA). The oils, absorbed on sterile paper discs (5 µL per Whatman disc of 6 mm diameter), were placed on the surface of the media previously inoculated with 0.1 mL of microbial suspension (1 µg per Petri dish). One filter paper disc was placed per Petri dish in order to avoid a possible additive activity. Every dish was sealed with laboratory film to avoid evaporation, then incubated aerobically at either 30°C (Gramnegative) or 37°C (Gram-positive), according to strain for 24 h, followed by measurement of the zone diameter of the inhibition expressed in mm. Tetracycline (BIO-RAD Marnes La Coquette-France, 30 UI) and Ticarcilline (BIO-RAD Marnes La Coquette-France, 75 μg) were used as antibiotic reference products. All tests were performed in triplicate.
Flucanozole (100 μg) and Griseofulvine (100 μg) were used as antifungal reference compounds. A broth microdilution method was used to determine the minimum inhibitory concentration (MIC) and the minimum bactericidal concentration (MBC) [22] [23] [24] . A serial doubling dilution of each essential oil was prepared in 96 well plates over the range 0.5-8% (v/v). The broth was supplemented with Tween 80 (Merck, Germany) at a concentration of 0.1% in order to enhance essential oils solubility.
Overnight broth cultures of each strain were prepared in Nutrient Broth (Diagnostic Pasteur, France) and the final concentration in each well was adjusted to 5 x 10 5 CFU/mL following inoculation. The concentration of each inoculum was confirmed by viable count on Plate Count Agar (Merck, Germany).
Positive and negative growth controls were included in every test. The tray was incubated aerobically at either 30°C (reference Gram-negative strains) or 37°C (reference and isolated Gram-positive) and MICs were determined. The MIC is defined as the lowest concentration of the essential oil at which the microorganism tested does not demonstrate visible growth in the broth. Bacterial growth was indicated by turbidity.
To determine MBCs values, 10 µL of bacterial suspension was taken from each well and inoculated in Mueller-Hinton Agar (Becton Dickinson, USA) for 24 h at 30° or 37°C. The MBC is defined as the lowest concentration of the essential oil killing 99.9% of bacterial inoculum [25] . Minimun inhibitory concentration (MIC) and minimun fungicidal concentration (MFC) were determined for Candida albicans according to the same protocol.
